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SUMMARY

Measurementsweremadeoftheinternalor structuraldsmpingckr-
acteristicsofsixfull-scalehelicopterrotorbladesof sixdifferent
m.terialsandmethodsof construction.Structuraldampingcoefficients
arepresentedforthefirstthreeflapwisebendingmodes,thefirst
torsionmode,andthefirstchordwisebendingmodeforallblades.

Thestructuraldampingcoefficientsforallbladesarepresented
intabularformtogetherwiththefrequencies,amplitudesof osci3la-
tion,andapproximatestressesinflapwisebending.Approximatetor-
sionalstressesarealsogivenforoneblade.Typicalsamplesofthe
dataareplottedto showeffectsofmaterial.of construction,mode
shape,andamplitudeonthestructuraldampingcoefficients.

Thecontributionof structuraldsmpingto thetotaldampingofthe
bladesisdiscussedforseveralaerodynamicconditionsinordertopoint
outsituationswherestructuraldampfiis

INTRODUCTION

significant.

Helicopter-rotor-bladevibrationproblemsoffundamentalimportance
canbe groupedintotwogeneralcategories:forcedvibrationsandself-
excitedvibrations.h thecaseofforcedvibration(thecategoryinvesti-
gatedherein),therearerangesofrotorspeedwhereharmonicsofthe
aerodynamicloading,whichhavefrequencieseqyalto integralmultiples
oftherotorspeed,producelargebladedeflectionsandstresses.It
hasbeenobserved,bothanalyticallyandexperimentally,thatthisphe-
nomenonusuallyarisesbecauseofresonanceamplificationsndoccurs
atrotorspeedswherethefrequenciesoftheharmonicsofaerodynamic
loadingareequalornearlyequalto thevariousnaturalfrequencies
ofthecoupledblade-fuselagestructure.Formostpracticalhelicopter
applications,thesignificantmodesarethosethatinvolvesubstantial
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amountsofMade bending.Oneofthefactorswhichinfluencetheampli-
tudesofthesetitrationsistheinternalorstructuraldampingofthe
rotorblades.Ratiosofknownvaluesof structuraldsmpingtototal
dampingforwingsandsimilarbuilt-upstructureswereobtaimedbyassum-
@ quasi-staticaerodynamicdampingorby applyingtwo-dimensional
potential-flowtheoryforwingsoscillatinginbendingonly.A compari-
sonoftheseratiosindicatesthatthecontributionof structuraldsmp-
ingto thetotaldsmpingissmall.However,recentanalyticalstudies
(forexample,ref.1) showedthatconsiderationofthehelicalwake
pattern,whichismadeup ofvorticesshedby previouspassagesofall
bladesoftherotor,mayleadto conditionsinwhichtheaerodynamic
dampingbecomesextremelylowiftherotorfn.flowissmallandifthe
bladeisvibratingata frequencywhichisan integralmultipleofthe
rotorfrequency.Ifthenaturalfrequencyofoneormoreofthebend-
ingmodesoftherotatingbladeisequalto oneormoreoftheharmonics
oftherotorspeed,conditionsofresonanceexist,togetherwithcondi-
tionsforlowaerodynamicdampingand,inthiscase,structm”&Ldamping
becomesofmuchgreaterimportanceinlhitingtheamplitudesofblade
response.

Inasmuchas conditionsareindicatedinwhichtheroleof struc-
turaldsmpinginhelicopter-rotor-bladevibrationsmaybe important,
itseemedappropriatethatmeasurementsbe madewithexistingfull-
scalehelicopterrotorbladesofvarioustypesandmaterialsof con-
structioninorderto determinetheetientofvariationofstructural
dampingachievedindesignpractice.Consequently,dampingmeasure-_
mentsweremadeon sixdifferentrotorbladesandtheresultsarepre-
sentedherein.

Thedatapresentedshowthevariationofdsmpingwithmaterial
andtypeof construction,frequency,modeshape,andamplitude.An
approximatecomparisonismadeofthemagnitudeofstructuraldsmping
relativetotheaerodynamicdampingpredictedby oscillating-airfoil
theorywithoutconsiderationofthehelicalwakepatternoftherotat-
ingblades,andtherelative@ortance ofthestructuraldempingfor
themorerealisticcaseofthehelicalwakeisdiscussed.

a.

an

f

SYMBOLS

initialamplitudeofportionofdecrementunderconsidera-
tion

amplitudeofnthcycleofportionofdecrementundercon-
sideration

—

naturalfrequency,cps
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loge*
structuraldampingcoefficient, an

fin

totaldampingcoefficient(aerodynamicdampingplusstrut.
turd damping)

first,second,andthirdflapwisebendingmodes

firstchordwisebendingmode

firsttorsion

massperunit

massperunit

mode

lengthofblade,lb-sec2/in.2

lengthofbladeatroot,lb-sec2/in.2

integralnumber

maximumbendingstress,lb/sqin.

maximumtorsionalstress,l.b/sqin.

strain,in./in.

spanwisecoordinateofblademeasuredfromroot,in.

bendingstiffnessofbladeat x, lb-in.2

bendingstiffnessofbladeatroot,lb-in.2

radiusofrotorblade,in.

APPARATUSANDMETHODS

DescriptionofBlades

Pertinentdetailsofthebladessuchasplanform,dimensions,
andmterialusedin constructionoftheskinaregiven-in figure1.
Thebladesareidentifiedinthefigureby thenumeralsI to VI and
thisdesignationisusedthroughoutthepaper. .

T
TestingTechniques

“ Thebladeswerevibratedintheirnaturalmodesuntilthedesired
smplitudewasreached,afterwhichtheexcitingforcewasinstantaneously
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removed.Theoscillationswerepermittedto decayandthe
recordedon oscillographrecordsby usingtheoutputofan
whichwasmountedatan appropriatelocation”ontheblade.

wcA m 3862

●

decrementwas
accelerometer
A reproduc- b

tionofa portionofa typicaloscillographrecordisshowninfigure2.

Mountingandexcitationofblades.-In ordertominimizethedsmp-
ingoftheblademountingattachmentssoasto studyonlythestructural
dampingofthebladesthemselves,themetho&of suspensionwereasfol---‘-
lows:

1.Fortheflapwisebendingmodes,thebladesweremountedto a
rigidsurfaceas showninfigure3. Thetautcablesuspensionatthe
rootwasusedtominimizethesupportfrictionandto simulatea hinged
conditionattheroot. Theoutboardsupportconsistedofa woddenblock
attachedto a longflexiblecable,theblockbeingcutwitha double
radiussothatthebearingsurfacewasessentiallya point.Thispoint
wasmovablespanwi.sesad,intheexcitationofa givenmode,wasalways”
placedat theoutermostnodalpointoftheb_Wde.me excitingforce
wasappliedperpendicularto thechordplane-,itschordwiseposition
approximatelycoincidentwiththefirsttorsionalnodelineandas close
to thebladerootaspracticable.

2.Forthechordwisebendingmode,thebladesweremoumtedas shown
infigure4. Themethodwasessentiallythessmeas’thatusedforfl.ap-
wisebend- exceptthatthebladewasrotated90°. Thetipsection #
wassupportedby a flexiblecableattachedto a boltwhichpassedthrough
thebladeatthespanwisepositionofthechordwisebendingnode.The
excitingforcewasappliedattheleadingedgewithitsdirectionpar- k
alleltothechordline. ——

3. In orderto obtainthedampingintorsion,thebladesweremounted
withtherootrigidlyboltedto themountingsurfaceas showninfigure5. ““”““ -
Theflexiblecablesupportingtheoutbo~dsectionwasattachedtothe
bladeatthefirsttorsionalnodelineandtheexcitingforcewasapplied ‘--
norml to thechordplaneatthetrailingedgeneartheroot.

Determinationofdampingcoefficients.-lRcomtheoscillograph
recordstheamplitudesandnaturalfrequencieswereobtained.The

( )10ge k
dampingcoefficientsdefinedas g = fin> wereobtainedfromloga-
rithmicplotssuchastheone’showninfigre6.

Still-airdampngi .-Thedampingcoefficientsobtainedfromthedecay
of oscillationofthebladeswhenmountedandshakenaspreviously
describedaresubjectto anaerodynamiccorrectionbecauseoftheoscil-
latorymotionofthebladewithandrelativetotheairsurroundingit.
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Thisoscillatorymotionisthe.Hmitingvalueoftheaerodynamicdamp-
ingwhentheforwardtranslationalvelocityofthebladeelementsvan-

* ishesandisof interestprimarilyinsofaras itaffectstheaccuracy
ofthedeterminationofthestructuraldamping.

h orderto determinetherelativem.gnitudeofthis“stillair”
damping,bkde VI wasinstalledina vacumnchsniberandthedamping
coefficientswereobtainedatpressuresof14.7and0.2k5poundsper
squareinchabsolute.Thedifferenceinthedsmpingvaluesinthe
twomediumsprovedtobe oftheorderofmagnitudeoftheaccuracyof
themeasurements(5 to 10percent)andcouldnot,therefore,be properly
evaluated.At thislevel,thedampingdueto thestillairsurrounding
thebladewouldseemtobe ofsecondaryimportance.

Approxhationofbladestresses.-As a pointof interestandin
orderto obtaina practicalbasisonwhichto comparethedampingvalues
ofthevariousmodesforanyoneblade,thestressesintheskinat
maximumamplitudewereestimtedforallblades.

Themethodusedto estimatethebladebendingstresseswasas
follows:Themassandstiffnessdistributionswereassumedtobe of
theform m.~(1 - x/2R) and EI = EIr(l- x/2R),respectively,
forblades1,II,III,andVI andtobe uniformforbladesIVandV.
Thetabulatedmodes,shapes,andcurvaturesforbladeshavingthese
propertieswereobtainedfromreference2 wheretheyaregivenfor
specifieddeflectionsatvariousspanwisestations.Inasmuchasthe
curvatureassociatedwitha givennaturalmodeisproortionaltothe
deflectionat anyspanwisestation,thecurvaturesBd h@x2 and,
hence,thestrainsassociatedwiththemeasureddeflectionswerereadily
obtained.Elementarybeamtheorywasthenappliedtothesectionof
maximumcurvatureto obtainstresses:

where a isthestressintheoutermostfiberinpoundspersquare
inch,E isthemodulusofelasticityinbendinginpoundspersquare
inch,t isthemaximmnthicknessin inchesofthebladeatthepoint
ofmaximumcurvature,andthesubscriptn denotesthemodeinquestion.

Inthecaseoftorsion,themaximnntorsionalstressT, measured
inpoundspersquareinch,wasapproximatedforthefirsttie ofbladeVT
onlyandisgivenby T . Gy where G isthemodulusofelasticityin
shearand y istheshearstrainmeasuredexperimenta31.y.

●

.
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RESULTSANDDISCUSSION

PresentationofResults

ThecompleteresultsofthedampingtestsarepresentedintableI
whereinarealsogiventhemeasuredvaluesofdamping,therangesof
smplitudeforwhichthevaluesapply,andtheestimatedstressesat
maximumamplitude.Selectedsamplesofthesedataarealsoplottedto
emphasizesomeofthemoresignific-teffectsobserved.

Theeffectofamplitudeonthestructuraldampingisshownin
figure6. Theeffectsofmodeshapeandamplitudeor stresslevelon
thestructuraldampingareillustratedinfigure7, andtheeffectsof
materialof constructionareshowninfigure8.

DiscussionofResults

Effectofamplitude.-A typicalexampleofthemannerinwhichthe
structuraldampingvarieswithamplitudeis-illustratedby thedata
presentedinf~fie 6. Theamplitudesofvibrationofthevarious
naturalmodesduringthedecayofthemotion”followiggtheremovalof
theexcitingforcesareplottedasa functionofthenumberof cycles
inthedecrement.Thecurvesthatconnectthedatapointsarethe
envelopesofthedecrements.Thesedatashowthattheslopesofthe
curvesand,therefore,thestructuraldampingremainconstantover
distinctrangesofthedecrement,andforthisreasonthismethodWaS
usedinthepresentationofthesumeryofthedataintable1.

All curvesshowninfigure6, whichincludesthefirstthreeelastic
bendingmodesaswellasthefirstelastictorsionmodeforbladeIV,
indicatethegenerqltrendofa reductioninstructuraldampingwith
a reductioninamplitude.Thistrendwasalsofoundfortheflapwise
bendingandtorsionofallthebladestestedwiththeexceptionofthe
secondbendingmodeofblade11,wherean increaseinstructuraldamp-
ingwitha decreaseinamplitudewasexhibitedinoneportionofthe
decayof oscillations.Twoinstanceswerealsoencounteredin chord-
wisebending(bladesIVandV, tableI)inwhichthedamPingincreased
ina portionofthedecrementasthesmplitudediminished.

Effectofmodeshape.-Theeffectofmodeshapeonthestructural
dampingisshowninfigure‘l’wherethestructuraldampingcoefficient
isplottedas a functionofbladestress.FigureT(a)showsthatfor
bladeVI,atthisstresslevel,thereislittledifferenceinthedsmp-
ingvaluesfortheflapwisebendingmodes,whereasthetorsionmode
exhibitsstructuraldampingofa muchhigherorderofmagnitude.
Figure7’(b),whichisplottedfromthedataforbladeIV,indicates

w

“
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thesue trendasbladeVI intheflapwisebendingmodeswithrespect
to increaseof structuraldampingwithstress;however~inthiscase

4 thevariationof structuraldampingwithmodeshapeismuchgreater
thanthatforbladeVI. Thedatapresentedinfigure7 amdtheother
dataintableI indicateno definitetrendinthevariationof struc-
turaldatupingwithmodeshape.

Effectofmaterialof construction.- Sincethedataofthetests
showedthatthestructuraldampingcoefficientsofthebladesvaried
withamplitudeof oscillation,-a realisticbasiswassoughtuponwhich
to comparethedampingina givenmodeforalltheblades.Fromthe
practicalstandpoint,strainseemedtobe themostdesirablebasisfor
comparisonandwas,therefore,selected.

Figure8 illustratestheeffectofmaterialof constructiononthe
dampingofallsixbladesvibratinginthefirstflapwisebendingmode.
Thestrainat thespanwisepositionofmaximumcurvature,basedona
l-inchtipdeflectionforbladeI, isequalforallb=es. On tms
basisthedataindicatethatbladesIII,V, andVI hadsomewhathigher
dampingcoefficientsthanbladesI, 11,andIV.

Relativeimportanceofaerodynsmicandstructuraldexllping.-Results
ofanalyticalstudies(ref.3),inwhichquasi-staticaerodynamicdampi-
ng k-as assumed, showedthatthedifferencebetweenthepeakvaluesof

& bladeresponse,withandwithouttheinclusionof structuraldamping,
wasoftheorderof 6 percentofthepeakvalueforthethirdelastic
bendingmodeandwassomewhatlessforthefirstandsecondmodes.The

- applicationoftwo-dimensionalpotential-flowtheoryforwingsoscil-
latinginbendingonly(ref.4) yieldssomewhatsmallervaluesofaero-
dynamicdampingandalsoindicatesthatthecontributionof structural
dampingtothetotaldampingofthebladeinbendingissmall.These
dataarepresentedinfigure9 andcovera frequencyrsmgewhichincludes
thefirstthreenaturalflapwisebendingmodesofthefabricandstainless
steelbladeswithcentrifugalstiffeningeffectsincluded.Thelines
fairedthroughtheplottedpointsdonotdenotea linearincreaseinthe
ratioof structuraldampingtototaldampingwithfrequencybutareonly
intendedto indicatea trend.

Thedatapresentedinfigure9 srebasedontheassumptionthat
thedampingofa helicopterrotorbladecanbe calcuhtedfromwing
theoryfora winghavingthepropertiesofthebladeelementat ~ per-
centoftherotorbladeradius(bladetangentialvelocityof4X feet
persecond).Thistheoryneglectstheeffectsofthehelicalwakewhich
ismde up ofvorticesshedbypreviouspassagesofallbladesofthe
rotor. Theresultsofrecentanalyticalstudies(ref.1)showedthat
considerationofthehelicalwakepatternleadsto conditionsinwhich. theaerodmic dampingmaybecomeverylowiftherotorinflowissmall
andifthebladeisvibratingat a frequencyequalto thefrequencyof

“



8 NACA~ 3862

m

oneormoreoftheharmonicsoftherotorspeed.Inthiscase,struc-
turaldampingbecomesofmuchgreaterimportanceandan increasein
structuraldampingcouldprovebeneficialin.reducingbladestresses G“
andinincreasingbladefatiguelife.

Theforegoingremarksarerelatedtobladebendingunderforced
excitation,althoughsimilarremarksarealsopertinenttobladetor-
sion.Themostsignificanteffectsofstructuraldsmping,however,
areexpectedtoariseintheconsiderationofvariousinstabilities
suchaswakeflutter,classicalflutter,andstallflutter.Inthese
situationswhentheaerodynamicdampingbecomesnegative,theamount
of structuraldampingavailablemayhavea verysignificanteffecton
theflutterspeedandonthermgnitudeoftheflutter.

.-

CONCLUDINGREMARKS

Onthebasisofthedampingmeasurementsobtainedforthesixfull-
scalehelicopterrotorbladesofdifferenbmaterialsandmethodsof
constructionandinconsiderationof studiesmadeoftheresultsofthe
investigationreferredto inthispaper,thefollowingconcludingremarks
aremade:

...

1.At thesamestrainlevels,therotorbladescoveredwithfabric !
andwoodmaterialshadsomewhathigherstructuraldampingvaluesinthe
firstelasticbendingmodethanbladescoveredwithmetallic&terials
andfiberglass. i“

2. Inthefirstthreeelasticbendingmodesandthefirstelastic
torsionmode,allthebladesexhibitedanIncreasein structuraldamp-

—

ingwithan increaseinamplitudeexceptfora portionoftheamplitude
rangeofthefiberglassbladevibratinginthesecondelasticbending
mode. Inthechordwisebendingmode,thealuminumbladeandoneofthe
woodbladestestedshowedan increaseinstructuraldampingtitha
decreaseinamplitudeovera portionoftheamplituderange.

3. No definitepatternortrendinthevariationof structural
dampingwithmodeshapewasexhibited.

k. Undernormaloperatingconditions,inwhichbladebendingmotions
aredominant,thecontributionof structuraldampingtothetotaldamp-
ingofrotorbladesisshowntobe mall ifthehelicalwakepatternis
ignored.Considerationofthehelicalwakepattern,togetherwithlow
rotorinflowatrotorspeedswherea naturalfrequencyoftherotor
bladeequalsa harmonicoftherotorspeed,mayresultinverylowaero-
dynamicdampinginwhichcasetheinternalo~structuraldampingofthe
rotorbladewillassumea significantroleinlimitingtheresponseof
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=i
thebladeto excitingforces.Thus,theselectionofmaterialswith
highstructuraldampingwouldappeartomeritconsiderationinthedesign

4 ofrotorblades.

LangleyAeronauticalLaboratory,
NationalAdvisoryConmitteeforAeronautics,

IangleyField,Vs.,August29, I-956.
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~“
c = Maximumchord

BladesI and III t

)t
BladeII

Blade IV

Blade V

)
Blade VI

Dimensions,in.
B[ade Material

b c
Weight,lb

a

I Stainlesssteel 260 16 24 125

II Fiber g[ass 260 16 24 [25

III Fabric 260 16 24 I20

Iv Aluminum 266 16.516.5 116

v Wood 233 16.5 16.5 [00

VI Wood 214 II 15.5 I00

Figure1.-Detailsoftestblades.
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Figure2.-Reproductionofa portionofa typlcaJ-oscillographrecord.
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Figure3.-atiw ofbld.esforflapwlsebending.
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Figure 4.- Mountingofbladesforclmmiwisebend~.
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Rigid mass

Heavy angles II
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Fine cable~l

Bolts

A Bolted to blade flange
for shaking I

_.. .—.._ .

Figure5.-Mountd.?wofbladesrortorsion.
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.02 \‘
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Cyclesin decrement

Figure6.- Effectofamplitudeondamping.BladeIVvibratinginflap-
wisebendingandtorsion.
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Blade

Figure8.- Effectofmateri~onthestructural
flapwisebendingmode.
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